In this study, iron (III) acetate was synthesized using acetic acid/hydrogen peroxide type synthesis. The obtained material was characterised using thermogravimetric analysis (TG), X-ray diffraction (XRD) analysis, scanning electron microscopy (SEM) coupled with energy-dispersive X-ray spectroscopy (EDX), infrared (IR) spectroscopy and Mössbauer spectroscopy. The chemical composition, microstructure and properties of iron (III) acetate were investigated and discussed. The results of XRD analysis showed that the synthesized iron (III) acetate is amorphous. The obtained iron (III) acetate is a potential candidate as a precursor for the synthesis of iron metal-organic frameworks (MOFs).
Introduction
Iron (III) acetate is a coordination compound more commonly known as a basic iron acetate. With the formula of [Fe 3 O(OAc) 6 [1] . Reduction of the cation affords the neutral mixed-valence derivative that contains one ferrous and two ferric centres. Former investigations revealed that iron (III) acetate is a trinuclear cluster [1, 2] . The Fe centres are equivalent, each being octahedral and bound to six oxygen ligands, including a triply bridging oxide at the centre of the equilateral triangle [3, 4] .
Iron (III) acetate was used as a starting material for the preparation of nearly monodispersed superparamagnetic maghemite nanoparticles [5] . The as-prepared particles were exploited for the development of magnetic nanocomposites with possible applicability in medicine and biochemistry. Single-molecule magnets have important technological applications in information storage and quantum computation. Recent experimental results indicated that Mn and Fe acetates showed the physical properties of molecular nanomagnets [6] . Recently, it was demonstrated that iron (III) acetate is one of the best precursors for the impregnation of a commercial activated carbon which was evaluated as the best catalyst in the removal of the azodye Orange II from water [7] and for the fabrication of next-generation iron-based phosphate binders [8] . The processes of thermal decomposition of iron acetates are used for the production of hematite which is one of the most investigated oxides for energy applications, protein adsorption, and specifically for photocatalysis [9, 10] . Similar processing is used for the fabrication of hematite nanoparticles and nanocubes, high quality magnetite/carbon core-shell and shell-core nanoparticles and porous magnetite nanospheres [11] [12] [13] [14] [15] . A trinuclear iron acetate precursor was used for the synthesis of new iron-cobalt clusters [16] . The investigations revealed the presence of Fe 3+ ions in high spin state and having the close environment. The results of the thermogravimetric analysis, however, indicated improving in the thermal stability by replacing acetate anions with silicon-containing carboxyl ligands. This widens the temperature range in which such compounds can be used in practical applications. The catalytic activity of similar clusters was dependent on the properties of starting materials [17, 18] . The macrocyclic complexes of the type [M(C 36 H 36 N 4 )X] X 2 , where M = Fe(III) and X = Cl -, NO 3 - , and CH 3 COO -were synthesized by the template method in the presence of trivalent metal salts [19] . The in vitro antimicrobial and antioxidant activities of metal complexes were evaluated and found to be dependent on the nature of the anion. Mononuclear, dimeric and polymeric iron complexes with conjugated ligands also showed different magnetic, thermal, mesomorphic and thermoelectric properties [20] . These observations clearly show the influence of the precursor on the properties of the final synthesis product. Metal-organic frameworks (MOFs) have received great attention in different applications. The specific cation exchange behaviour between Fe 3+ and the framework Al 3+ allows highly sensitive detection of Fe 3+ in an aqueous solution [21] . However, the selectivity of the developed method and the stability of MOFs might be dependent on the nature of the precursor. It was also demonstrated that the physical properties of iron (III) carboxylate MOFs depend significantly on the synthesis method [22, 23] . Moreover, the magnetic properties of iron associated magnetic metal-organic framework nanoparticles depend on the morphological features of precursors and MOFs [24] . Thus, several approaches could be used for the synthesis of iron acetate as a precursor for MOFs. However, most of these methods suffer from a number of disadvantages, such as small quantities of the product, and the assembly of nanostructures is usually a secondary process. Besides, complex architectures are often found among metalorganic framework compounds [25, 26] . The mixedmetal approach to this type of materials offers an additional degree of structural complexity, and a potential tunability of their properties, which remains largely unexplored. Herein, we present a facile and large-scale synthesis of iron (III) acetate as a precursor for the porous mixed-valence, iron metal-organic frameworks (MOFs) in "solvent-free" type synthesis. Our approach is based on acetic acid/hydrogen peroxide type synthesis and additional recrystallization.
Experiment

Materials and instruments
All chemicals were purchased from Merck and Sigma Aldrich. Thermogravimetric analyses were conducted using a simultaneous thermal analyser 6000 (PerkinElmer) and Pyris software. Infrared spectra (1800-450 cm -1 ) of powdered samples were taken using a Frontier FT-IR (PerkinElmer) spectrometer. X-ray diffraction patterns were recorded using a MiniFlex II diffractometer (Rigaku). The morphology of particles was investigated using a scanning electron microscope (SEM) Hitachi SU-70. The Mössbauer spectra were recorded with a Mössbauer spectrometer (Wissenschaftliche Elektronik GmbH) at room temperature using the source of 57 Co in the rhodium matrix.
Synthesis of [Fe 3 O(O 2 C-CH 3 ) 6 (H 2 O) 3 ]O 2 C-CH 3
For the preparation of iron (III) acetate, acetic acid/hydrogen peroxide type synthesis was chosen for its simplicity. 11.2 g of iron powders were placed in a beaker and 12 ml of 50% acetic acid are added. The reaction mixture was heated to 75 °C and mixed till metallic iron fully reacted with acetic acid and the colour of the mixture turned to green. Next, 6 ml of 30% hydrogen peroxide were added to oxidise Fe 2+ ions to Fe 3+ . The obtained mixture was filtered and the solvent was evaporated. 2.95 g of dark red crystals were obtained, the yield was 81%.
Recrystallization of [Fe 3 O(O 2 C-CH 3 ) 6 (H 2 O) 3 ]O 2 C-CH 3
Crude iron (III) acetate crystals were purified by recrystallization. 1 g of crude iron (III) acetate crystals was placed into a 250 ml beaker, and 100 ml of 96.5% ethanol was added. The mixture was heated to 70 °C and mixed on a magnetic stirrer. The most part of iron (III) acetate was dissolved. The solution was then filtered through a fine paper filter. The filtrate was centrifuged at 5200 rpm for 5 min. The resulted clear dark red solution was poured on an evaporating dish and air-dried. 0.4 g of shiny dark red crystals were obtained, the yield was 40%. 3.5 Iron (III) acetate was further used in the metal-organic framework synthesis. Triethylamine was diffused into a solution of 2,3,4,5-tetrafluorbenzene-1,4-dicarboxylic acid (0.04 g, 0.15 mmol) and iron (III) acetate (0.125 g, 0.15 mmol) in an ethanol/N,N-dimethylformamide (DMF) (1:1 v/v) mixture. The solution was kept in a 2 ml glass vial covered with a plastic cap, one hole punctured in a rubber seal for slower diffusion. The atmosphere of triethylamine was created by placing the beaker with triethylamine in a dessicator. The vial was kept in the dessicator for 2 weeks.
Synthesis of Fe 3 O(F 4 BDC) 3 (H 2 O) 3 ·(DMF)
The precipitated red powders of Fe 3 O(F 4 BDC) 3 (H 2 O) 3 ·(DMF) 3.5 were filtered and washed with DMF (3 × 5 ml) and hexane (3 × 5 ml). The yield was 0.008 g, ~2%. The precipitate is slightly soluble in water, but stable in organic solvents.
Results and discussion
The thermal decomposition behaviour of the synthesized iron (III) acetate was investigated using thermogravimetric (TG) analysis by heating the sample at a heating rate of 10 °C/min in air atmosphere. The TG-DTG curves of iron (III) acetate are shown in Fig. 1 . The first weight loss of about 2% in the TG curve was observed from room temperature to about 100 °C, and it is due to the evaporation of residual water in the sample. A rapid mass loss continuously occurs with increasing the temperature up to 320 °C. This abrupt weight loss is associated with the decomposition of iron (III) acetate, but the oxidation of Fe(II) to Fe(III) occurs [27] 
Afterwards, the weight remains constant and that indicates that the decomposition of iron (III) acetate has been completed below 320 °C.
The phase crystallinity and purity of the synthesized sample were characterized by means of X-ray diffraction (XRD) analysis. The powder XRD pattern of synthesised and recrystallized iron (III) acetate is given in Fig. 2 .
The results of the X-ray diffraction analysis evidently show that complete crystallization of iron (III) acetate does not take place during the recrystallization, and the synthesised iron (III) acetate is partially amorphous.
The Fourier transform infrared (FTIR) spectrum of the synthesised and recrystallized iron (III) acetate is presented in Fig. 3 . The assignments of the iron (III) acetate bands observed in the infrared spectrum are summarized in Table 1 .
The difference between the ν a (COO -) and ν s (COO -) modes is 108 cm -1 , which is slightly larger than the ionic value (137 cm -1 ). Therefore, the formation of a bridging trinuclear iron complex might be suggested from the infrared data [30, 31] . Besides, the infrared spectroscopy analysis also revealed some unidentified peaks in the FTIR spectra, the origin of which is not clear.
The SEM micrographs of the obtained iron (III) acetate are shown in Fig. 4 .
As seen, the crude iron (III) acetate sample is composed of irregular form rods 50-80 μm in size. These microrods are partially covered with cloudy particles. However, the recrystallized iron (III) acetate sample shows a different surface microstructure. Apparently, sharp-edged plate-like particles about 85-100 μm in size have formed during the recrystallization process. Energy-dispersive X-ray spectroscopy (EDX) was used for the determination of elemental composition of the synthesised sample (see Table 2 ). The results presented in Table 2 show a good agreement between the determined and calculated data.
Mössbauer spectroscopy was used for the characterization of crude and recrystallized iron (III) acetate samples. The Mössbauer spectra of the prepared and recrystallized iron (III) acetate samples are shown in Fig. 5 .
The Mössbauer spectrum of crude iron (III) acetate shows a doublet and a sextet. The recrystallized iron (III) acetate contains only a doublet. The areas of both subspectra and samples are similar. The hyperfine parameters of Mössbauer spectra of the prepared and recrystallized iron (III) acetate samples are summarized in Table 3 . According to literature [32] The recrystallized iron (III) acetate was used as a precursor for the fabrication of iron metal-organic frameworks (MOFs).
The FTIR spectrum of Fe 3 O(F 4 BDC) 3 (H 2 O) 3 · (DMF) 3.5 is shown in Fig. 6 . The authors of Ref. [34] define that the framework of Fe 3 O(F 4 BDC) 3 (H 2 O) 3 ·(DMF) 3.5 has +1 charge per formula unit due to all iron having the oxidation state +3, it is necessary for counter ions (acetate) to reside in the pores, limiting the pore volume. To reduce the average oxidation state of iron ions, iron (II) acetate could be used instead of iron (III) acetate as a precursor.
Solvothermal syntesis [33, 34] might improve the crystal linity and yield of the Fe 3 O(F 4 BDC) 3 (H 2 O) 3 ·(DMF) 3.5 metal-organic framework.
Conclusions
According to this study, iron (III) acetate was synthesized using acetic acid/hydrogen peroxide type synthesis. The obtained iron (III) acetate was purified by recrystallization in 96.5% ethanol. The thermal decomposition behaviour of synthesized iron (III) acetate was investigated by thermogravimetric (TG) analysis. The weight loss in the TG curve was observed from room temperature to about 320 °C. Afterwards, the weight remains constant and that indicates that the decomposition of iron (III) acetate has been completed below 320 °C. The results of XRD analysis show that the synthesized iron (III) acetate is partially amorphous. The obtained iron (III) acetate sample was composed of irregular rods of 50-80 µm in size. However, sharp-edged plate-like particles about 85-100 µm in size have formed during the recrystallization process. Moreover, FTIR and Mössbauer spectroscopies revealed some unidentified features, which may result from impurities. The recrystallized iron (III) acetate was successfully used as a precursor for the fabrication of mixed-metal-organic frameworks (MOFs). 
